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Any f u e l  product ion  process  is s e n s i t i v e  t o  energy expendi ture ,  
s i n c e  i t s  n e t  va lue  a s  a product ive  process  must be determined by 
weighing t h e  q u a n t i t y  of  energy produced a g a i n s t  t h e  q u a n t i t y  con- 
sumed dur ing  t h e  process .  A c o a l  mining process ,  f o r  example, must 
d e l i v e r  more energy i n  t h e  form of c o a l  than i t  consumes i n  c o a l  
e q u i v a l e n t s  dur ing  t h e  process  of  mining and t r a n s p o r t i n g  t h e  coa l .  
A s  long a s  the  n e t  balance i s  s u f f i c i e n t l y  i n  favor  of  energy c a p t u r e ,  
t h e  process  i s  worthwhile. I f  t h e  ba lance  should swing i n  favor  o f  
f u e l  o r  energy consumption, t h e  c o a l  i s  b e t t e r  l e f t  i n  t h e  ground, 
o t h e r  t h i n g s  be ing  equal .  The s o l a r  energy used t o  manufacture  the 
organic  raw m a t e r i a l  f o r  t h e  c o a l  and t h e  geologic  p r e s s u r e s  t h a t  
combined through t h e  ages t o  t ransform t h a t  m a t e r i a l  i n t o  c o a l  need 
n o t  be considered i n  t h e  energy budget. The expendi ture  of t h e s e  
e n e r g i e s  was c i r c u m s t a n t i a l  to  man's need f o r  or h i s  a b i l i t y  t o  u s e  
t h e  end product and t h e r e f o r e  i s  c i r c u m s t a n t i a l  t o  t h e  process .  

The va lue  of  p l a n t  biomass product ion f o r  u s e  a s  an energy 
feeds tock  must a l s o  be eva lua ted  on t h e  b a s i s  of i t s  energy budget. 
The product ion and c o l l e c t i o n  of  p l a n t  biomass r e q u i r e  energy expen- 
d i t u r e ,  which must be weighed a g a i n s t  t h e  energy va lue  of  t h e  biomass 
produced to  determine t h e  n e t  va lue  of  t h e  process .  I f  t h e  i n p u t  
requi red  is g r e a t e r  than  t h e  energy e q u i v a l e n t  t h a t  can be h a r v e s t e d ,  
t h e  biomass is b e t t e r  l e f t  i n  t h e  seed.  As i n  t h e  c a s e  of  c o a l ,  
t h e  s o l a r  energy input  need n o t  be cons idered  a s  energy expended, 
f o r  i n  s p i t e  of i t s  c r i t i c a l  r o l e  i n  p l a n t  biomass product ion i t s  
advent i s  c i r c u m s t a n t i a l  t o  man's c a p a b i l i t y  t o  u t i l i z e  biomass. 
Likewise, t h e  c a l o r i f i c  or p h y s i o l o g i c a l  energy consumed by human l a b o r  
dur ing  t h e  process  i s  a l s o  d iscounted ,  s i n c e  i t  i s  assumed t h a t  t h e  
l a b o r e r s  would consume t h a t  energy r e g a r d l e s s  of where o r   ether 
they labored.  

To determine t h e  energy budget f o r  biomass product ion i t  i s  f i r s t  
necessary  t o  e s t i m a t e  t h e  energy va lue  of t h e  a n t i c i p a t e d  biomass 
y i e l d .  A y i e l d  of  30 d r y  t o n s  per  acre-year  h a s  been suggested a s  a 
r e a l i s t i c  f i g u r e ,  p rovid ing  t h a t  an adequate  developmental r e s e a r c h  
program is  i n i t i a t e d .  The energy captured  i n  30 dry tons  i s  450 
m i l l i o n  Btu,  assuming a h e a t i n g  va lue  of 7,500 Btu p e r  dry  pound. 

Next ,  energy consumption must be es t imated .  This  t a s k  r e q u i r e s ,  
f i r s t ,  t h a t  a biomass farming system be v i s u a l i z e d ,  then t h a t  t h e  
energy consuming o p e r a t i o n s  t h a t  mediate t h e  system be s p e c i f i e d ,  and 
f i n a l l y  t h a t  t h e  energy consumed i n  each of t h e  o p e r a t i o n s  be determined,  
and t h e i r  sum c a l c u l a t e d .  
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The biomass product ion  system envisaged is  t h e  formal  biomass 
p l a n t a t i o n .  The o b j e c t i v e  of  t h e  p l a n t a t i o n  would be to  produce 
through i n t e n s i v e  farming p r a c t i c e s  t h e  g r e a t e s t  amount of biomass 
p o s s i b l e  per  u n i t  t ime-space,  a t  t h e  lowest  p o s s i b l e  c o s t ,  and with a 
minimum of energy expendi ture .  

Conceptua l iza t ion  of  t h e  P l a n t a t i o n  

A biomass p l a n t a t i o n  would be r e l a t i v e l y  l a r g e  i n  terms of 
convent iona l  a g r i c u l t u r e ,  covering perhaps an a r e a  15 mi les  square  
(144,000 acres ) .  A f a c i l i t y  f o r  conver t ing  t h e  biomass t o  u s a b l e  
energy,  (e .g . ,  e l e c t r i c  power p l a n t ,  g a s i f i c a t i o n  p l a n t )  would be 
l o c a t e d  a t  the c e n t e r  o f  t h e  p l a n t a t i o n .  The biomass c rop  would c o n s i s t  
of a conglomerate o f  s p e c i e s  s e l e c t e d  p r i m a r i l y  on t h e  b a s i s  of high 
biomass y i e l d .  The biomass c rops  with t h e  h i g h e s t  y i e l d s  would be 
l o c a t e d  in the  c e n t e r  o f  t h e  p l a n t a t i o n  t o  reduce t h e  costs of  t r a n s -  
p o r t a t i o n  of d r i e d  biomass from t h e  drying a r e a s  to the conversion 
f a c i l i t y .  Lower y i e l d i n g  s p e c i e s ,  such a s  s h o r t - r o t a t i o n  hardwoods, 
would be loca ted  a t  t h e  f r i n g e s  of t h e  p l a n t a t i o n  or perhaps i n  c e r t a i n  
s e c t i o n s  o f  t h e  p l a n t a t i o n  on land t h a t  was marginal  f o r  a g r i c u l t u r a l  
p roduct ion .  Each s p e c i e s  would be c u l t i v a t e d  i n  accordance with 
optimum p l a n t i n g ,  h a r v e s t i n g ,  and r o t a t i o n  schedules  a s  determined 
i n  e a r l i e r  f i e l d  t e s t i n g  programs. Schedules would e n t a i l  m u l t i p l e  
cropping o f  annuals  and m u l t i p l e  h a r v e s t i n g  of  p e r e n n i a l s .  I n d i v i d u a l  
c rop  schedules  would be i n t e g r a t e d  to  provide a s  n e a r l y  a s  p o s s i b l e  a 
cont inuous supply o f  biomass t o  t h e  conversion f a c i l i t y .  Convent ional  
fanning p r a c t i c e s  would b e  used where a p p r o p r i a t e  or modif ied t o  e x p l o i t  
e i t h e r  product ion p o t e n t i a l  o r  energy-costs  sav ings  to t h e  f u l l e s t  
e x t e n t  poss ib le .  Examples o f  such modi f ica t ions  would be t h e  u s e  o f  
"no- t i l l ' '  methods, the  h a r v e s t  of r o o t s  and crowns i n  a d d i t i o n  t o  a e r i a l  
p l a n t  p a r t s  (annual  c r o p s ) ,  and t h e  u s e  of unders tory  o r  shade-loving 
crops  capable  o f  f u l l  growth and development beneath t h e  canopies  of  
t h e  primary biomass c rops .  Sun-drying of harves ted  biomass would be 
accomplished a t  s t r a t e g i c a l l y  l o c a t e d  dry ing  a r e a s .  Yie lds  of  30 tons  
of  dry  biomass p e r  acre-year  would be a n t i c i p a t e d .  

The p l a n t a t i o n  o p e r a t i o n  i d e a l l y  would produce t h r e e  c r o p s  of  
annuals  p e r  year  o r  a h a r v e s t  of  perennia l  c rops  t h r e e  times per  y e a r .  
Assuming the  u s e  of  n o - t i l l  methods, t h e  fo l lowing  sequence o f  f i e l d  
t a s k s  i s  envisaged. 

Before p l a n t i n g ,  the  f i e l d s  would be c l e a r e d  of weeds by t h e  
a p p l i c a t i o n  of an h e r b i c i d e  t o  e l i m i n a t e  competi t ion f o r  l i g h t ,  water ,  
and p l a n t  n u t r i e n t s .  P l a n t i n g  t h e  biomass c rop  could be  combined i n  
one opera t ion  with the a p p l i c a t i o n  of f e r t i l i z e r .  A t  an a p p r o p r i a t e  
i n t e r v a l  a f t e r  p l a n t i n g ,  a s i d e d r e s s i n g  of f e r t i l i z e r  would be a p p l i e d ,  
a l though i t  should be p o s s i b l e  t o  apply a d d i t i o n a l  f e r t i l i z e r  with t h e  
i r r i g a t i o n  water .  The biomass c rop  would be h a r v e s t e d  by means of 
s e l f - p r o p e l l e d  combines, which would chop t h e  biomass i n t o  smal l  p i e c e s  
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t o  f a c i l i t a t e  dry ing .  The chopped biomass would then be  t rucked t o  
one of  s e v e r a l  d r y i n g  a r e a s  on t h e  p l a n t a t i o n  and dumped, whereupon 
a t ruck  o r  s i m i l a r  v e h i c l e  f i t t e d  with a f ront-end b lade  would t u r n  
t h e  p i l e s  of biomass u n t i l  s u f f i c i e n t  d r y i n g  had occurred.  The 
sun-dried biomass would then  be  loaded i n t o  s u i t a b l e  conveyances 
f o r  t r a n s p o r t  t o  t h e  p l a n t  g a t e .  The schedule  of f i e l d  t a s k s  would be 
repeated t h r e e  t i m e s  each y e a r  f o r  annual c r o p s  such a s  sunflower or 
kenaf. 
on ly  once every t h r e e  t o  f i v e  y e a r s ,  even though t h e  a e r i a l  p o r t i o n s  o f  
t h e  crop were harves ted  t h r e e  t imes each year .  Shor t  r o t a t i o n  hardwood 
spec ies  would be harves ted  once every  one t o  t h r e e  y e a r s ,  dur ing  t h e  
win ter  months only.  

I n  t h e  c a s e  of perennia l  c r o p s ,  r e p l a n t i n g  would be necessary 

A i r c r a f t  would apply i n s e c t i c i d e s  and fungic ides  when and where 
needed, t h e  number of  a p p l i c a t i o n s  depending on t h e  c rops  grown and 
t h e  s e v e r i t y  of t h e i r  a s s o c i a t e d  p e s t  problems. I t  i s  assumed t h a t  
an average of two such o p e r a t i o n s  p e r  acre-year  would be  needed a c r o s s  
t h e  e n t i r e  p l a n t a t i o n .  

I r r i g a t i o n  water  would be appl ied  a t  two-week i n t e r v a l s  by an 
automatic center -p ivot  overhead s p r i n k l i n g  system capable  of water ing 
tw 160-acre p l o t s  per  24-hour day. The system could be  moved a s  
needed, r e q u i r i n g  about  t h r e e  hours  f o r  each changeover. I t  is 
ca lcu la ted  t h a t  t w o  and one- th i rd  systems would be needed t o  i r r i g a t e  
each 10,000 a c r e s  o f  t h e  p l a n t a t i o n .  The p l a n t a t i o n  may be p i c t u r e d  
a s  being l o c a t e d  i n  t h e  southwestern United S t a t e s ,  where c o n d i t i o n s  
would be t h e  most conducive t o  year-round product ion and a i r - d r y i n g  of 
t h e  biomass. 

The p l a n t a t i o n  would be opera ted  seven days per  week, 12 hours  
per  day. I r r i g a t i o n  a c t i v i t i e s  would be performed 24 hours  p e r  day. 

This  s y s t e m  was chosen a s  a s tudy  example because: 

I t  r e p r e s e n t s  t h e  u l t i m a t e  i n  an organized approach to biomass 
product ion and c o l l e c t i o n .  

I t  i s  t h e  system by which t h e  l a r g e s t  y i e l d s  can be r e a l i z e d  
i n  u n i t s  of  biomass produced p e r  u n i t  of t i m e  and space.  

- I t  i s  t h e  most energy i n t e n s i v e  system i n  regard  t o  t h e  
energy i n p u t  r e q u i r e d  t h a t  can be  v i s u a l i z e d  a t  t h i s  time, 
r e p r e s e n t i n g  perhaps a worst  case  s i t u a t i o n .  

The energy consuming o p e r a t i o n s  c o n s t i t u t i n g  t h e  system a r e  those  
concerned, e i t h e r  d i r e c t l y  or i n d i r e c t l y ,  with biomass growing and 
harves t ing .  These would i n c l u d e  n o t  on ly  such o p e r a t i o n s  a s  f i e l d  
t a s k s ,  which a r e  d i r e c t  u s e r s  of f o s s i l  f u e l  energy or consumers of 
e l e c t r i c a l  power on t h e  p l a n t a t i o n  proper ,  bu t  a l s o  t h e  manufactur ing 
processes  f o r  a l l  equipment and m a t e r i a l s  used i n  t h e  f i e l d  tasks .  
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A d i s c u s s i o n  of  energy consumption on t h e  h y p o t h e t i c a l  p l a n t a t i o n  is 
presented  below under  t h e  c a t e g o r i e s  of  d i r e c t  f u e l  and power usage,  
farm chemicals manufacture ,  and farm machinery manufacture. 

Direct Fuel and Power Usage 

The technique f o r  producing energy feeds tock  would n a t u r a l l y  be 
chosen with energy conserva t ion  i n  mind. Hence, t h e  p r a c t i c e  of  n o - t i l l  
farming,  which r e q u i r e s  a minimum o f  energy expendi ture  i n  t h e  f i e l d ,  is  
cons idered  a reasonable  and r e a l i s t i c  choice  f o r  t h e  biomass p l a n t a t i o n .  
The sequence of  f i e l d  t a s k s  was descr ibed  e a r l i e r .  The energy consumed 
i n  d i r e c t  f u e l  and power usage i s  shown i n  Table  1. 

With t h e  m u l t i p l e  cropping of annuals  i n  mind, i t  is envis ioned  t h a t  
t h i s  sequence of o p e r a t i o n s  would be  repea ted  t h r e e  t imes each y e a r ,  
y i e l d i n g  an annual t o t a l  of  30 t o n s  of  dry p l a n t  biomass p e r  a c r e .  I n  
t h e  case  of p e r e n n i a l  c r o p s ,  i t  is  apparent  t h a t  c e r t a i n  o p e r a t i o n s ,  
such  a s  h e r b i c i d e  a p p l i c a t i o n  and r e p l a n t i n g ,  would n o t  have t o  be 
performed t h r e e  t i m e s  each year  even though t h r e e  h a r v e s t s  p e r  year  
w e r e  reaped. Hence, f o r  c rops  such a s  Sudangrass, sugar  cane and 
f o r a g e  sorghums, t h e  energy expended m i g h t  be somewhat less than t h a t  
shown i n  Table 1. 

I r r i g a t i o n  water  would be a p p l i e d  a t  a r a t e  of f o u r  acre- fee t  
p e r  acre-year by means o f  a n  automated s p r i n k l i n g  s y s t e m ,  probably of  
t h e  center -p ivot  des ign .  I t  i s  assumed t h a t  t h e  water  would be l i f t e d  
from a network of  s u r f a c e  c a n a l s  t o  an average head o f  50 f e e t ,  
r e q u i r i n g  77 kwh of e l e c t r i c  power per  acre-foot  dispensed.  Miscel-  
l aneous  e l e c t r i c  power requi red  f o r  l i g h t i n g  of  s e r v i c e  road i n t e r -  
s e c t i o n s  and o t h e r  purposes  is es t imated  to  be 5 kWh p e r  acre-year  
f o r  t h e  p l a n t a t i o n  

Farm Chemicals Manufacture 

I t  is es t imated  that 600 pounds n i t rogen  a s  anhydrous ammonia or 
i t s  equiva len t  would be  needed p e r  acre-year  to  o b t a i n  y i e l d s  approaching 
30 tons  per  acre .  This  amount i s  two t o  f i v e  t i m e s  t h a t  used i n  normal 
c r o p  product ion.  I t  i s  assumed t h a t  250 l b s  o f  phosphorus and 100 l b s  
potassium f e r t i l i z e r s  per  a c r e  would be needed. P e s t i c i d e s  would be  
a p p l i e d  a t  recommended r a t e s  a s  needed. I t  is assumed t h a t  s i x  pounds 
of  h e r b i c i d e ,  t h r e e  pounds of i n s e c t i c i d e ,  and two pounds of  fungic ide  
would be s u f f i c i e n t  f o r  each a c r e ,  s i n c e  i n  a l l  l i k e l i h o o d  t h e  p e s t i c i d e  
needs  of a biomass crop would be fewer than those  of a convent ional  
c a s h  c rop .  I n s e c t i c i d e s  and f u n g i c i d e s ,  f o r  example, would be needed 
o n l y  when p e s t  i n f e s t a t i o n s  o r  i n f e c t i o n s  became s e v e r e  enough t o  
r e s t r i c t  biomass product ion  o r  t o  s i g n i f i c a n t l y  reduce t h e  amount o f  
biomass a l ready  p r e s e n t  i n  t h e  f i e l d .  Continuous cropping would a l s o  
reduce t h e  need f o r  h e r b i c i d e s ,  e s p e c i a l l y  i f  h igh  p l a n t  d e n s i t i e s  
were used t o  p r o v i d e  f o r  e a r l y  canopy c l o s u r e ,  r e s u l t i n g  i n  t h e  "shading 
out"  of  weeds. 
shown i n  Table  2 .  

The energy consumed i n  farm chemical manufacture  is 
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Farm Machinery Manufacture 

The energy expended i n  t h e  manufacture of farm machinery f r o m  t h e  
mining of  o r e  t o  t h e  f a b r i c a t i o n  of  t h e  machinery i t s e l f  depends on t h e  
volume and v a r i e t y  o f  implements needed f o r  t h e  p l a n t a t i o n  and t h e i r  
l i f e  expectancy. C a l c u l a t i o n s  of t h e  equipment needed to farm one 
a c r e ,  y i e l d i n g  30 t o n s  per  acre-year ,  were based on a 12-hour workday, 
a seven-day week, and on t h e  time requi red  f o r  each o p e r a t i o n  to be  
performed over  10,000 a c r e s .  C a l c u l a t i o n s  o f  t h e  t i m e  requi red  f o r  
i n d i v i d u a l  o p e r a t i o n s  revea led  t h a t  a t h r e e - t r a c t o r  team could:  

Apply h e r b i c i d e  over  10,000 a c r e s  i n  33 days. 

P l a n t  and f e r t i l i z e  i n  36.3 days.  

- F e r t i l i z e  i n  33 days ,  and h a r v e s t  ( c u t  and chop) 
10,000 a c r e s  i n  26.5 days (with a six-combine team). 

These time requirements  were found t o  be compatible  with a t r i p l e  
cropping schedule  provided t h a t  2 t h r e e - t r a c t o r  teams were used. The 
number of  f r e s h  haul  u n i t s  needed was c a l c u l a t e d  on t h e  b a s i s  of t h e  
need t o  haul  t h e  f r e s h  biomass t o  a d r y i n g  a r e a  wi th in  t h e  same t ime 
per iod  requi red  by a six-combine team t o  h a r v e s t  t h e  biomass. Dry-haul 
requirements  were a l s o  c a l c u l t a e d  on t h i s  b a s i s .  The l i f e  expectancey 
o f  each p i e c e  of  equipment was c a l c u l a t e d  on t h e  b a s i s  of a t r i p l e  
cropping schedule .  I t  was assumed t h a t  each implement was composed 
e n t i r e l y  of steel produced from v i r g i n  o r e .  Use o f  s c r a p  metal as t h e  
raw m a t e r i a l  would reduce  t h e  energy requirement  i n  t h i s  category by 
approximately three- four ths .  S ince  t h e  energy requi red  f o r  product ion of  
forged steel is g r e a t e r  than t h a t  f o r  co ld- ro l led  steel components, 
i t  was assumed t h a t  t h e  machinery composition was 50 percent  forged 
s t e e l  and 50 percent  co ld- ro l led  steel. The weight of equipment i n  
tons  per  year  needed to  farm 10,000 a c r e s  was c a l c u l a t e d  and m u l t i p l i e d  
by t h e  a p p r o p r i a t e  energy f a c t o r s  t o  determine t h e  energy input  for  
10,000 acres .  The average  energy i n p u t  per  acre-year  was then  c a l c u l a t e d ,  
a s  shown i n  Table  3. 

Table 4 shows t h a t  t h e  total energy i n p u t  f o r  a l l  o p e r a t i o n s  and 
f a b r i c a t i o n  i s  es t imated  t o  be  about  22.0 m i l l i o n  Btu per  acre-year .  
I f  t h e  energy o u t p u t  is 450 m i l l i o n  Btu per  acre-year ,  a n e t  energy 
c a p t u r e  of  about  428 m i l l i o n  Btu p e r  acre-year  is  r e a l i z e d .  Thus, 
d i v i d i n g  gross  energy y i e l d  by energy consumed r e s u l t s  i n  an e f f i c i e n c y  
f a c t o r  of 20.5 f o r  energy c a p t u r e  by t h e  p l a n t a t i o n  process .  This  
f a c t o r  would i n c r e a s e  w i t h  i n c r e a s i n g  y i e l d s  over  30 tons  p e r  acre-year  
o r  with t h e  r e a l i z a t i o n  of a d d i t i o n a l  energy economies through t h e  
f u r t h e r  development of  energy conserva t ion  p r a c t i c e s  on t h e  p l a n t a t i o n  
or i n  manufacturing processes .  Conversely,  t h i s  f a c t o r  would be de- 
c reased  by y i e l d s  lower than 30 tons  per  acre-year  o r  by t h e  consumption 
of  energy i n  r e l a t e d  processes  such a s  i n t e r b a s i n  water  t r a n s f e r .  

\ 

5 



Table 1 

ENERGY CONSUMED I N  BIOMASS PLANTATION OPERATIONS 
-Direct Fuel  and Power Usage- 

* Opera t ions  l o 6  Btu p e r  
Operat ion Rate p e r  Operat ion per Year Acre-Year 

26 

Herbicide Appl ica t ion  
P l a n t  and F e r t i l i z e  
F e r t i l i z e  
Harvest 
Fresh Haul 
Turn and Dry 
Dry Haul 
P e s t i c i d e  Appl ica t ion  
I r r i g a t i o n  
Misc. E l e c t r i c i t y  

0.305 gal d s l / a c r e  
0.757 g a l  d s l / a c r e  
0.305 g a l  d s l / a c r e  
1.627 g a l  d s l / a c r e  
2.540 g a l  d s l / a c r e  
0.028 g a l  d s l / a c r e  
2.178 g a l  d s l / a c r e  
0.017 g a l  a v t ' n  f u e l / a c r e  
77 KWh/acre-foot 
5 KWh/acre-year 

T o t a l  Direct F u e l  and  Power Usage 

3 
3 
3 
3 
3 
3 
3 
2 
4 
1 

0.127 
0.315 
0.127 
0.677 
1.057 
0.012 
0.906 
0.007 
3 :'154 
0.051 

6.433 x l o6  
Btu/Acre-Year 

* 
Source: Doane's A g r i c u l t u r a l  Report. Nebraska T r a c t o r  T e s t s ,  1969-1971. 

Table  2 

ENERGY CONSUMED I N  BIOMASS PLANTATION OPERATIONS 
-Farm Chemicals Manufacture- 

Chemical Rate/Acre-Year Btu / lb  l o 6  Btu/Acre-Year 

* 
Anhydrous Ammonia (NH3) 600 l b s  19,341,, 11.605 
Phosphorus (PpOs) 250 l b s  6,019,, 1.505 
Potassium (K20) 100 l b s  4,158** 0.416 
Herbicide 6 l b s  43,560,, 0.261 
I n s e c t i c i d e  3 l b s  43,560,. 0.131 
Fungicide 2 l b s  43,560 0.087 

Tota l  Farm Chemicals Manufacture 14.005 X lo6 Btu/ 
Acre-Year 

' I  

I 

* 
Source: Hoeft ,  R. G . ,  and J. C. Siemans, 1975. Do f e r t i l i z e r s  waste 

Source: P imente l ,  D . ,  et&., 1973. Food product ion  and t h e  energy 

energy? 

crisis. Sc ience  =:443-449. 

Crops and S o i l s ,  November 1975. ** 
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Table  3 

ENERGY CONSUMED I N  BIOMASS PLANTATION OPERATIONS 
-Farm .Machinery Manufacture (10,000 acres) -  

I 
Machinery 

I 

T r a c t o r s  
P l a n t e r s  
F e r t i l i z e r  Rigs 
Herbicide Rigs 
Harves te rs  
Fresh Haul Trucks 
Dry Haul Trucks 
Turner  
I r r i g a t i o n  Pumps 
Feeder Lines  
S p r i n k l e r  System 

T o t a l  Farm Mac 

* 
Unit L i f e  S t e e l  p e r  

Uni t s  (Years) Acre-Year ( l b s )  Btu/Acre-Year 

6 6 

3 2 
3 5 
6 6 

32 10 
10 10 
1 10 
8 20 

30.6 m i  20 
1 20 

i n e r y  Manufacture 

3 .  2 
0.92 
0.60 
0 .60  
0.12 
1.60 
3.20 
1.20 
0.10 
0.08 
4.04 
0.34 

88,854 
57,948 

11,590 
154,528 
309,056 
115,896 

9,658 
7,726 

390,183 
32,837 

1.236 X l o 6  

57,948 

Btu/Acre-Year 

* 
9.4325 KWh/lb;96,580 Btu / lb .  
Source: Berry, R. S. and Margaret F. F e l s ,  1972. The product ion and 

An energy a n a l y s i s  of  t h e  manu- consumption of automobiles .  
f a c t u r e ,  d i s c a r d  and r e u s e  of t h e  automobile  and i t ' s  com- 
ponent materials. A r e p o r t  t o  t h e  I l l i o n i s  I n s t i t u t e  f o r  
Environmental Qual i ty .  

Table  4 

ENERGY CONSUMED I N  BIOMASS PLANTATION OPERATIONS 
-Summary- 

Consumption Category Btu/Acre-Year % T o t a l  Consumption 

D i r e c t  Fuel  and Power 6.433 X lo6 29.4 
Farm Chemicals Manufacture 14.005 X lo6 64.0 
Farm Machinery Manufacture 1 .236 X l o 6  5 .6  
Seed or Rootstock Product ion  0.217 X l o 6  1.0 

Total  P l a n t a t i o n  Energy Consump-. 21.9 X l o 6  100.0 
t i o n  

Product ion 
T o t a l  P l a n t a t i o n  Energy 

Energy Input/Energy Output 1 :20 .5  

450.0 X l o 6  
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